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THE WEATHER AND  CIRCULATION OF JULY 1959 
The Second Consecutive July  with an Unusual Circulation Pattern 

CARLOS R. DUNN 
Extended Forecast  Section. U.S. Weather  Bureau, Washington, D.C. 

1. INTRODUCTION 

For  the second successive July [e] many of the t,rouglls 
and ridges on the 700-mb.  30-day  mean map (fig. 1) were 
not in  the  climatologically  preferred  locations  indicated 
in studies  made by Klein  and  Winston [6]. This was 
especially true of the western sectors of the  Northern 
Hemisphere in  July 1958, and  again  this  July  an  ab- 
normal trough  appeared over the  central 7Jnited States. 
In  the  eastern  and western  coastal  areas,  where weak 
ridges were observed, the  circulation was more anticy- 
clonic than usual.  This  regime was associated with  gen- 
erally light  precipitation  in  the West, but heavy rainfall 
in several  large  areas  east of  t,he Rocky  Mountain  States 
(figs. 2, 3 ) .  Rainfall  from  tropical cyclones Cindy  and 
Debra augmented  the  total  precipitation  in  Texas  and 
along the  east coast. Temperatures  averaged below 
normal in most of the  Central  and  Southeastern  States 
and were  above normal  in most) other regions, with  record 
heat reported  in  the Fa r  Southwest (fig. 4).  

2. 30-DAY  AND  5-DAY  MEAN  CIRCULATIONS 

The  July  circulation at, the 700-mb. level over the west- 
ern Northern  Hemisphere (fig. 1 ) was one of small  ampli- 
tude, and  many of the  troughs  and  ridges were out of 
phase with those on the  July  normal  chart I!)]. The 
normal  July troughs  along  both  the east :~nd  west  coast)s 
of No1.th America  were  apparent  this  year only i n  eastern 
Canada and possibly along  the  California coast, where a 
trough remnant was discernible. More  interest,ing is the 
unusual circulation  in  other areas. The  ridges  in  the 
western Bering  Sea, western  Unit,ed States,  and  north- 
central At,lantic,  and  the  troughs  in  nort,h-central Pacific, 
central United  States,  and  northern  Atlantic were all  in 
climatologically infrequent  areas [6]. The  data of [6] 
show that 30-day  mean ridges were  extremely rare  in  the 
western Bering  Sea  in  the  Julys  from 1933 to 1955, and 
in the  northern  latitudes  over  eastern  Siberia no ridges at  
all were  observed during  this  period.  The 30-day  mean 
ridge this  July resulted  from  frequent incidence of 5-day 
mean ridges  in  this  area (fig. 5). If the  ridge occurrences 
at 60" N. for  two 10" longitude  bands  are combined, we 
find that 5-day  mean  ridges  were  observed  in July 1959 80 
percent of the  time between 155' E. and 175" E., com- 
pared witah only 23 percent during  the  Julys of  1947-55. 

The  other  aforementioned  30-day mean troughs  and 
ridges  were  unusually  placed  to a similar degree. Note 
that  the  Wday mean trough  line  in  the  central Pacific 
fell  in a region of minimum  trough frequency  and in 
western Alaska passed through  an  mea of zero trough  fre- 
quency [B]. This ,July 5-day mean troughs were located 
a t  BOo K. in  the 30" longitude  band between 175" W. and 
145O W. 100 percent, of the  time,  compared  to only 31 
percent  during  July 1947-55. The  30-day mean ridge  and 
trough  in  the  United  States each  was located in a,n only 
slight,ly more favored  area.  The common situation  in 
,July is  for a continental  anticyclone  to  persist  over cen- 
tral  United  States,  but  this  July a 5-day  mean  trough was 
located at, 40" N. between 105" W .  and 85" W. 78 percent 
of tlle time  (to be compared wit.11 20 percent  during  the 
1947-55 period). 

It,  should be noted  that,  the  30-day  mean  troughs  and 
ridges (fig. 1) were located very close to  the regions of 
lligh incidence of 5-day  mean  troughs  and  ridges,  with 
minor  exceptions in Asia (fig. 5),  implying a good deal of 
stability  in  the  general  circulation  during  the month. 

However, the mean circulation (fig. 1) differed in sev- 
ern1 aspects from  that of June 1959 [4]. During  June  an 
exaggerated  summertime  pattern,  with a ridge over central 
United  States  and a trough  along  each coast, was estab- 
lished. That  this  trend  did not continue  into  July is at- 
tested by  tlle  anomalous  height,  falls in  central  United 
States, flanked by rises of more than 200 ft. off the New 
England  and  Washington coasts (fig. 7). Although it is 
difficult to  determine how or where  these  changes  origi- 
nated,  they were  accompanied  by a tmin of height change 
centers  extending  upstream  in  the westerlies to about 
120" E. In  July 1958 the  trough  in  central  United  States 
was likewise associated with  abnormally located troughs 
and  ridges as far  upstream as Siberia [2]. 

Figure 8 is the 700-mb. 15-day  mean  height  change 
from  the  first  half  to t,he last  half of July 1959. During 
July  there was  considerable  filling of the  Arctic Low in 
the  Beaufort  Sea. I n  middle  latitudes over the Pacific 
the  perturbations intensified as  falls  occurred  in  the Si- 
berian  and Pacific troughs  concurrent  with rises in  the  ad- 
jacent  ridges.  Some  retrogression of the western North 
American  ridge  is  indicated by the  large rise center, at 
140" W., west  of the  ridge. I n  North  America  the  trough 
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FIGUKE l.-Mean 700-nlb. contours  (solid) :md height clc1)artnres from normal  (dotted),  both in tens of feet, for July 1039. Many of 
the  troughs and ridges  were  located  in  climatologically unfavored areas. 

filled in  the  north  but intensified  over the  Southern  Plains 
States  as  July  progressed.  Over  Europe an incipient 
block is  discernible. 

The 700-mb. 30-day  mean  jet  stream (fig. 9) was rat,ller 
ill-defined and  displaced  north of its  normal position i n  
many longitudes. This  north\mrd  shift.  produced above 
normal  wind  speeds  over ( h n d a ,  but in the TJnited States 
wind speeds were near  to below normal.  Negative  de- 
partures  along  the  east coast and in the  western  Atlantic 
(fig. OB) reflect the  easterly regime  which  prevailed i l l  

that  area.  Speeds were  also  well below normal  in  the 
western  Pacific. 

-320 f t .  couplet,  were  associated with  the  Bering Sea, 
ridge  and a  deep Arctic Low over  the  Beaufort  Sea (fig. 
1). This corlfigura,tion  Ihoduced a, super-normd north- 
west,erly flow over  the  Bering  Strait, w*C-hich brought cool 
thicknesses (1000-700 mb.) to much of Alaska (fig. 6) ,  
quite  similar  to  March 1959 [3] when many places in 
Alaslm reported record cold. Over  the  United  States 

, I  I h e  largest,  nlonthly height anomalies, R t 3 3 0  ft.  and 
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FIQURE 6.-Departure from  monthly normal of the mean thick- 
ness (700-1000 mb.)  for  July 3959 in  tens of feet.  Isoline inter- 
val is 50 ft. with intermediate lines dashed.  Below normal 
values are stippled. Pattern  is  similar to the surface tempera- 
ture chart (fig. 4)  with  air  masses generally cool in the central 
United States but warm in  the  West  and Northeast. 

height  departures  from  normal,  though  relatively  small, 
were important  in  determining  the  weather anomalies. 
They were oriented effectively to produce  an anomalous, 
meridional flow across the  normal  thickness  lines (1000- 
700 mb. [9], generally  northerly  in  the  western  and 
southerly in  the  eastern  half of the  country. 

3. PRECIPITATION  AND TEMPERATURE 
OVER  THE UNITED STATES 

Except  for  the  showers  in  Arizona,  the  bulk of the  pre- 
cipitat,ion  fell east. of the 30-day  mean trough in two 
rather  distinct  areas.  Record  amounts  over  the  Middle 
Atlantic  States were  associated with  greater  than  normal 
easterly and  southeasterly flow. This is well indicated 
by the anomalies of  700-mb. height (fig. 1), wind  speed 
(fig. 9) ,  thickness  (fig. 6 ) ,  and sea level pressure  (Chart 
XI in [8] ). Moisture-laden  tropical air masses predom- 
inated, facilitating convective  showers.  Much of the  rain- 
fall was associated with cold and  stationary  fronts which 
were located in this  area  more  than  half of the  days  during 

July (fig. 10). Very  little  rainfall was directly related 
to Lows, which  were confined mainly  to  the  higher lati- 
tudes (fig. 11H). However, one cyclone, hurricane Cindy, 
entered  the  South  Carolina coast  on July 8. Although  it 
subsequently weakened, it  produced  copious  rainfall along 
t,he Atlantic  Seaboard  from  July 8 to 11. New England 
mts north of the  anomalous  easterlies  and was  predomi- 
nantly  dry,  except  for  the  extreme  southeastern  part 
where  near  record  precipitation  amounts  were  reported. 
lVe&er, pa~t~iculx~rly visibility, wa,s unusually  bad in 
Nantucket, Mass., where  fog  or  fog  and  rain occurred on 
27 days of ,July. 

The  other  major  area of rainfall was centered over  the 
Soutllern  Plains and South-Cent,ra,l  States. It was as- 
sociated  wit,h the abnornxdly  cyclonic 700-mb. flow (figs. 
1, 5)  and  the  anomalous  southerly  winds  in  the lower 
troposphere (fig. 1). PITO extratropical cyclones were o b  
served i n  this  area,  and most rainfall  resulted  from heavy 
local  shower activity  and  hurricane  Debra.  This short- 
lived,  tropical cyclone deepened  explosively  on the 24th, 
just off the  Texas coast (see Chart X in [8] ) and filled 
rapidly  as it moved northward  into  Oklahoma  the next 
da,y. Debra  produced  heavy  rainfall  in  Texas  and Loui- 
siana.  Galveston,  Tex., for example,  reported over 5 
inches. 

West, of the 30-day mean trough (fig. 1) and  the region 
of frequent  5-day  mean  troughs (fig. 5) rainfall was  gen- 
erally  light (fig. 8) .  A broad  band of little  or  no  rainfall 
extending  from  California northe:rstward to Montana 
was associated with  persistent  anticyclonic circulation 
and  northerly  anomalous flow at 700 mb. over the western 
TJnitetl States (figs. 1, 5) .  Kecord (or  near  record) dry- 
ness \\-as reported at  many  stations  in Colorado,  Idaho, 
Montana,  the  Ilakotas,  and  Wyoming  (table I-B) . 

The light,  precipitation  in  the  northern  Appalachian 
Mountains was consistent, with a weak mean  ridge over 
that, region (fig. I ) ,  but. an explanation  for  the pocket of 
light,  rainfall in the  soutJ~ern  Appaluchians is not readily 
extracted  from  the mean  circulation.  However, it does 
correspond  with a  center of anticyclonic  relative  vorticity 
at, 700 mb. (not  shown).  Other  interesting  precipitation 
phenomena are  listed  in  table 1. 

In  the  central  United  States, except, along  the  northern 

TABLD 1.-Abnormal precipitation. (inches) f o r  J u l y  1959 

/ I  
A. HEAVY  AMOUNTS 

Station 1 total 
Monthly 

Worcester, Mass. ............................... 
Atlantic City, N.J. ............................. 15.69 
Richmond, Va. ................................. 12.85 

................................ 
Winston-Salem, N.C 10.86 
Greensboro, N.C 9.81 

Memohis.  Tenn ................................. I 8.84 
............................ ~. I 

Oklahoma City, Okla ........................... 
Tulsa, Okla ..................................... 
Port Arthur, Tex. .............................. 18.69 
Meridian, Miss.. ............................... 15.29 

B.  LIGHT  AMOUNTS 

Remarks Station  Monthly 
total 

Second  wettest July. 

Second wettest  July. 
Record month. 

Trace Idaho  Falls,  Idaho.. .......................... 
Great Falls,Mont 0.04 
Havre,  Mont .................................. 

Wettest  July since 1927. Helena,  Mont 
.07 

Record July. 
. 11 

Kalispell, Mont ............................... 
Do. 

.04 

Do. 
Sheridan, Wyo .08 

Second  wettest July. 
Bismarck, N. Dak. 

Record July. 

.41 

Do. 

........................... 

................................. 

................................ 
........................... 

Remarks 

Record July. 
Do. 
Do. 
Do. 

Second  driest July. 

Second  driest July. 
Record July. 
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FIGURE 7.-Difference between 30-day mean 700-mb. height 
anomaly for June  and July 1959 (July minus June) in  tens of 
feet.  Isoline  interval is 100  feet.  Over  the  United  States  the 
circulation  departed  from the common summertime  pattern  as 
heights  fell  (relative  to  normal)  in  the  center  and  rose  in  the 
West  and East. 

FIGURE 9.-(A) Mean 700-mb. isotachs  and ( B )  departures  from 
monthly  normal  wind  speeds,  both  in  meters  per second, for 
July 1959. Solid  arrows  in (A)  indicate  principal  axes of 
maximum  winds,  and  dashed  arrows  give their normal  July 
positions. Areas with  anomalies  greater  than 4 m.p.s. are 
stippled. Wind  speeds  averaged below normal  over  eastern 
Vnited States, reflecting  the  prevailing  easterly  regime  in that 
area. 

FIGURE 8.-Fifteen-day mean 700-mb. height  change  from July 1- 
15 to  July 1630,  1959 (July 16-30 minus  July 1-15) in tens of 
feet.  Isoline  interval is 100 ft.  Height  changes  were  small 
over  North  America. 

border,  the  weather was c,ooler than normal (fig. 4). I n  
part,s of Texas,  Kansas,  Nebraska,  and Missouri, where 
temperatures  averaged below normal every week [lo], 
monthly  anomalies  were the  largest  and mean  tempera- 
tures  approached  near  record lows (table 2). This was 
marked  cooling, relative  to  normal,  from  the previous 
month [4], and it was as much as four classes colder at 
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Monthly 
average 

78. 1 
74.  4 
7 5 . 1  

Remarks 

Equalled July record. 
Both cool and n e t .  

Do. 

69. 5 
80.9 
96. 7 
72. X 
75. 1 
73.7 
77. 2 

85. 3 
70.8 

Second warmcst July. 

Record  month. 
Record July. 

Do. 
Do. 

Record July. 
Sccond warmest July. 

D O .  
Maximum loOo F. 24 con?ccutivc 

days. 

5. POSSIBLE  CAUSES OF THE  ABNORMAL 
CIRCULATION 
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B CYCLONES JULY 1959 0 

FIGIJKE 12.--Smllher of classes  the anomaly of surface temperature 
changed from  June to July 1959. Areas where the anomaly in 
.July was 2 or 3 classes warnwr are hatched; 2 or 3 classes 
cooler, cross-hatched; 4 classes cooler, fine stippled; and areas 
o f  no chalrgr, c'oarse sti1q)led. .July w a s  cooler than June in 
the DIitlwest. relatiye to normal. 

tion 1Tnit.s baroclinic model. The  rertical motion \vas 
found t)o be small,  not  great)er t,llan ?1 m./sec. in  the two 
:weas just  referred to. It sllould be pointed out that  this 
vert,ical  motion was computed  by  the  adiabatic assumption 
and  perhaps  cmnot he used to assess heating terms. The 
cold advect,ion  indicated in  northwestern  United Shates 
suggests  diabatic h e ~ t i n g  (fig. 1 3 A ) .  The same is true  in 
the  long-period  normal (fig. 1313).  Aubert, and  Mhston 
[l] found  that western United  States was an  area where 
the  atmosphere  gains  heat  in  July. 

I n  the western Pacific tlle  indicated warn1 advection 
suggests  diabntic cooling. (This is also the  normal  situa- 
tion,  but,  visual  comlxu+xm of the two charts in fig. 13 
reveals that,  the  indicated advection was much stronger 
tll:ul nornlal  this  July.)  Air  ascending  at  the  average 
rate of 1 rnm./sec. and cooling at  the  dry adiabatic  rate 
would  cool 26" C./30 days. The  apparent increase ill 
tenlperat~are  due  to  llorizontal advection in  the area is 
c:rlcmlated of the  order of 100" C / 3 0  days. The  net calcn- 
lated  tenlperatnre cllxnge due  to  wnrming by advection 
ant1 cooling by \-ertic:Ll motion exceeds any possible local 
tenlperature cl1:nlge :uld suggests  tllat  diabat,ic cooling 
occ*ur~*ed. Tllis cooling \vonld produce  anticyclogenesis 
at sea level downstreanl  from  the  center of the  heat  sink 
[f] and,  at least, partially,  explain  the  abnormally  high 
pressure observed in the western Bering  Sea. A positive 
sea level pressure :ulomaly (approximately 8 mb.) , quite 
similar  to  the 7OO-mb. height  anomaly (fig. I) ,  was  cen- 
tered at 52O N., 170" E. 

Severe  criticism may be leveled a t  this  hypothesis be- 
cause of the  drastic  assumptions  made and the absence of 
more  quantitative work. However, this section was in- 
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FIGURE 13.-Mean 700-mb. contours  (solid)  and  thickness (1000- 
700 mb.)  (dotted),  both  in  tens of feet.  (A) is for July 1959 
and (B)  is the July  normal chart. 700-mb. contour  interval is 
200 ft. ; thickness  isoline  interval is 100 ft.  This  July  there  was 
strong  indicated  advection of thickness  (mean  virtual  tempera- 
ture) in the  western Pacific. 

cluded  to focus attention  on  the observed  conditions  and to 
furnish basic material for more  complete investigations. 
Now that computations of vertical  motion  are routinely 
available,  although  based  on  adiabatic processes, it may be 
possible to obtain  rough  quantitative  estimates of the 
diabatic  heating. 
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